Supported in part by grants from the American Heart Association, and from the National Heart Institute (H-328), U.S. Public Health Service.
V ARIATIONS in the volume of blood in the pulmonary vessels have been assumed to play a role in the physiology of the lesser circulation since the time of William Harvey,' but few measurements of the human pulmonary blood volume in vivo are available. This volume is an important variable in the hemodynamics of the pulmonary eirculation because of the relationships between volume, pressure, and flow to be expected in an elastic system, which require that all 3 of these parameters be measured in order to interpret changes in any one of them.
In 19 patients with a variety of cardiac and pulmonary abnormalities we have made such measurements in the course of diagnostic catheterization of right and left heart chambers. The dye-dilution method was employed to measure cardiac output and mean transit time from pulmonary artery to left atrium, giving the data needed for calculation of pulmonary blood volume by the Stewart-Hamilton method. 2 The results provide more direct measurements of pulmonary blood volume than have previously been available, and also give an estimate of relative vascular compliance. One limitation of the method is that it measures the characteristics of the entire pulmonary vascular bed, with no indication of the differences in volume, compliance, and resistance that exist among the arterial, arteriolar, capillary, and venous parts of the bed.3 In spite of this limitation significant relationships between volume, flow, resistance, and compliance were found. Supported in part by grants from the American Heart Association, and from the National Heart Institute (H-328), U.S. Public Health Service. 130 
Patient Selection and Methods
The patients studied were undergoing diagnostic catheterization of the left heart by the transbronchial4 or percutaneous dorsal5 route, and simultaneous right heart catheterization via an antecubital vein. The majority had rheumatic lesions of the mitral or aortic valve; individual diagnoses are listed in table 1. All gave a history of cardiopulmonary symptoms. None showed signs of congestive failure at the time of this study.
Patients were studied after fasting at least 4 hours, and were usually given 10 mg. of morphine sulfate intramuscularly, and in some cases 100 mg. of pentobarbital, 1 hour prior to the procedure. Measurements were made with the patient supine.
A no. Dilution curves from the brachial or femoral artery following injection of indocyanine green ("Cardiogreen")t were recorded by continuous samnpling through a euvette densitometer (Model 103).* The methods used for injection, sampling, recording, and calibrating have been described in detail elsewhere. 6 When the catheters were in place and control blood samples were drawn, a dye injection was made into the left atrium and the arterial dilution curve was recorded. As soon as the primary curve was recorded, the sampling syringe was replaced, a new control blood sample was taken, and a pulmonary artery injection was made, with less than 5 minutes intervening between the 2 injections. Since the dye leaves the circulation rapidly, the Our measurements represent one point on the pressure-volume curve of the lung vessels, and dividing pulmonary blood volume in milliliters by mean intravascular pressure in millimeters of mercury gives a figure (C) related to vascular compliance.
The conventional measurement of compliance by in vitro organ perfusion experiments requires measurement of the increase in volume per unit increase of pressure (AV/AP), but this is not readily applicable to man in vivo. The relative compliance, C, described above will be directly related to the true compliance AV/LP, if: (1) vessel lumen diameter depends only on net transmural pressure and the elasticity of the vessel walls, (2) Pi is an accurate measurement of net transmural pressure, (3) vessel length is constant, so that pulmonary blood volume is an index of average lumen diameter. Thickening of the vessel walls with no change in elasticity, for example, would modify the accuraey of assumption (1) Although we have as yet no data on normal subjects, the volume between pulmonary artery and peripheral artery in patients with valvular heart disease, without signs of congestive failure, has been shown to be only slightly larger than that in normal subjects,10' 13-17, 24 so that the normal values for pulmonary blood volume may not differ widely from those reported here.
Three possible sources of error in the present method should be mentioned. First, since the volume measured includes only blood that contributes to dilution of the dye, incomplete Circulation, Volume XXII, July 1960 PA-A=pulmonary-left heart-arterial volume; LAA=left heart-arterial volume; PBV=pulmonary blood volume.
mixing in the left atrium would result in the inclusion of some portion of left atrial volume with pulmonary blood volume, and give falsely large estimates of pulmonary blood volume. It seems certain that atrial mixing is inconlplete in some eases, but the magnitude of this error is unknown. Second, the portion of the systemic arterial tree included in Vpaa and Vza a is undetermined, and may vary in different patients and under different conditions. It seems safe to assume that this factor remains constant during the few minutes required for the 2 curves and is therefore not relevant to the measurement of Vvpaja. Third, the pulmonary blood volume must vary continuously throughout the cardiac and respiratory cycles, and the relation of these variations to the mean volume measured by this method has not been evaluated.
Relative Compliance of the Pulmonary Vascular Bed
The absence of any correlation between the volume of blood in the pulmonary vessels and the pressure acting to distend them (Pi) suggests that there are real differences in pul- fig. 2) .
It is not possible to conclude whether the decreased compliance is due to vasoconstriction or to alteration in the structural elements of the vessel walls, both of which have been demonstrated in mitral stenosis.
The possibility that elevated PIa may invoke decreased over-all compliance independently of arteriolar effects is raised by 2 paCirculation, Volume 
Summario in Interlingua
Le volumine del sanguine pulnionar esseva niesurate in 19 patientes per medio de un methodo a dilution de colorantes e le effectuation simultanee de catheterismo cardiac bilateral. Valores medie pro le tempore de transito pulmonar esseva obtenite per subtraher le valores medie del tempore de transito ab le atrio sinistre ad le arteria peripheric ab le valores medie del tempore de transito ab le arteria pulmionar ad le arteria peripheric.
Le valor medie del volumine de sanguine pulmonar esseva 365 m-il per mn2 de superficie corporee (con un minimo de 126 e un maximo de 598 ml). Iste valor es significativeniente plus basse que illo previemente estimate per medio de minus directe niethodos.
Le proportion de volumine de sanguine pulmonar a tension intravascular medie esseva usate como indication del resilientia pulmono-vascular. Patientes con alte resistentia pulmono-vascular habeva relativemente basse resilientia pulmono-vascular.
Esseva constatate un correlation significative inter le volumine del sanguine pulnonar e le volumine per pulso. Isto supporta le hypothese que le volumine e le elasticitate del vasculatura pulmonar contribue al regulation del rendimento cardiac.
